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ABSTRACT
Average annual runoff from the mountain ranges bordering the Wind River Basin is large in amount and comparatively stable; average annual runoff from the arid plains region of the basin io very low and there are no perennial streams having their source in this region. A map or the basin was prepared that shovut .the distribut:t.on or average annual runoff in inches by means of isograms. The construction o.f 'the map was based on available streamflow records, climatologic records, and a developed precipitation-altitude relationship for the Wind River Mountains. Location of the i·sograms in the arid portion or the basin was based mainly on personal observation made on a field reconnaissance or the basin.
INTRODUCTION
The construction of' a map 'showing average annua~ runorr in the Wind River Basin is made diffiuult by the lack or surricierlt base data ana the wide range or runoff within the basin. More than half or the basin has an average annual precipitation or less than 10 inches, ana the resulting runoff is very low. In contrast, the area along the Wind River and Owl Creek Mountains .l'eceives heavy precipitation, the amount varying with altitude. Climatic data, wj. th the E!XCeption or a few snow surveys along the flanks of the Wind River Range, are limited to records taken at a few points or low altitude in the valley. Stream-gaging station records or prime usefUlness in delineating a runoff map in the basin are limited to points along the foot of the Wind River Range with the exception of a few recently established stations in the arid part of the 'basin. A runoff map or the Win(l River Basin was constructed by making use ot.' the limited stream-flow ana climatic data with au9 regard to hydrologic principles. The estimates of runoff from ungaged aria areas were based partly on data noted on a field reconnaissance. The available. runoff records at many of the stations listed in table 1 are for a short period; because of year-to-year variations in the runoff from any drainage area, it was necessary to adjust the short-term records to a long-term base. The period of years from 1918 to 1948 was used as the base. The lower gaging station on Bull Lake Creek was selected as the index station for runoff from the Wind River Range; because of the complete record from 1918 to 1948, and because of the central location or its drainage area along the range. The ratio of the annual runoff to the average for this station for the period 1918-48 was computed for each year and listed in the second column of table 1 under "index percent". These percentages were used to adjust the runoff from the other gaged areas for each year of record to make them comparable. This was done by dividing the listed annual runofr by the listed percentage for each year of runoff record and then taking the average of these quotients; the "adjusted average" is listed beneath the "average" in table 1.
ACKNOWLEDGMENTS
The adjusted average runorf thus determined was corrected for irrigation diversions (as explained in the next section of this report) where these were sizeable, and the corrected averages were used in .the construction of the runoff map. The map is based, therefore, on virgin flow; large return flows from irrigation, as in Fivemile Creek, were not considered.
The records for the streams issuing from the Wind River Range were adjusted as described above; the recorda for the streams in the other portions of the Wind River Basin were adjusted as described under "Precipitation Data" later in this report.
Irrigation Diversions
Accurate information on the quantity or irrigation diversions from streams in the Wind River Basin is not available for each year of the period 1918-48. The total number of acres irrigated in each major sub-basin can be obtained from Bureau of the Census publications for the years ending 1919, 1929, and 1939 , and were given considerable weight in estimating probable net diversions above ~ach gage in arriving at the irrigation ad-'justment listed in table 1. For many streams the probable net diversion was very small and was listed as zero. However, a few hundred acres may have been irrigated above the gaging station on such streams, but the crop raised was generally hay, and much of the applied water became return flow above the gage. The irrigation adjustment on a few of the streams listed in table 1 was estimated by noting the probable capacity of the one by-pass irrigation ditch. In general, the irrigation adjustments listed in table 1 represent a small proportion of the total runofr of the stream; any inaccuracy in the estimated adjustment will not make the adjusted runorf unreliable. 
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-0 c: Table 2 contains a list of the water-year precipitation totals for stations in or near the basin, as determined from publications of the U. S. Weather Bureau.l/ The periods of record are scattered at some of the stations and no attempt has been made to complete missing years by estimate. Column two of table 2 lists the ratio, in percent, of the Lander annual water-year precipitation to the average annual for the period 1918-48. These ratios were used as a guide in estimating the average annual runoff for the two stations on Badwater Creek. The precipitation data listed in table 2 were helpfUl in estimating the average annual runoff from the arid plains in the basin. 1949.~ The data from the snow stake and snow survey determinations are valuable as a guide in estimating the precipitation at high altitude along the Wind River Range. Table 3 contains a summary of the snow stake and snow survey data available in the basin.
Areal Variation of Precipitation
Four correlations were made to determine the degree of representation of precipitation data for one point in estimating the precipitation on the surrounding area. The base station used was Lander and correlations of annual precipitation were made with stations at Dubois, Middle Fork, Riverton, and Ervay with resulting coefficients of correlation of 0.34, 0.60, 0.81, and.0.70 respectively. These results may be interpreted to indicate that annual precipitation, measured at a point in the arid plains region of the basin, may be representative of a sizeable area adjacent to that point, but that there is relatively poor relationship between plains precipitation and foothill precipitation. The annual .runoff from drainage basins on the slopes of the high mountains ~ordering the basin is largely dependent on t~e annual precipitation falling upon these basins. No records of annual precipitation for the regions of medium and high altitude within the basin are available; therefore, it was necessary to compute the probable precipitation at these altitudes from all available information. The following paragraphs of this section contain the computation procedure used in the determination of the amount of annual precipitation at altitudes along the Wind liver Range. Figure 2 , a plot of the average annual·pre-cipitation for stations Lander, Riverton, and Middle Fork (for the period of continuous record, 1924-48) against altitude in feet above sea-level, shows the rapid increase of annuaJ precipitation with increase in altitude. Three snow surveys just south of Middle Fork weather station have been used in estimating the precipitation at altitudes between 8,500 feet and 9,500 feet to extend the graph to the higher altitudes. They are: Sawmill Glade, Blue Ridge, and South Pass. The method of extension used is described in the following discussion. Middle Fork that could ue compared ~~tith the pesults of the snow surveys. The assumption was made (based upon temperature studies and empirical evaporation formulas) that evaporation from the snow at the higher altitudes was negligible during the winter months. Data for the comparison are listed in table 4. The water content value from the snow survey in each year was divided by the Middle Fork corresponding accumulated precipitation to give a ratio, expressed as a percentage, for the increase of precipitation with altitude for the winter months. The assumption was made that this ratio computed for an approximate period of a halfyear holds true for an entire year, on an average. The ratios were averaged for the period 1941-48, and the result was used to compute an average annual precipitation for the altitude of the snow survey based on the average annual Middle Fork precipitation for the period 1924-48. These values are plotted on figure 2. The relationship, determined for the section across the Wind River Range and passing through Riverton and Lander, results 1n an annual precipitation of about 50 inches at an altitude of 12,000 feet. The slope of the line of relationship gives an increase of precipitation of 6 inches per 1,000 feet increase in alti&dde. The relationship of precipitation and . altitude determined for the section Riverton-Lander-Middle Fork and up to the crest of the divide is applicable only for that immediate vicinity.
An investigation of other areas of mountainous terrain was made to determine if there were some groupings of Weather Bureau stations that would give a series of observations, 3tarting in the valley floor and extending up the mountain slope to a point near the crest. The foregoing facts are mentioned to indicate that substantial evidence exists to warrant the assumption of linear increase of precipitation with increasing altitude, and that the 50-inch precipitation computed :for 12,000 feet has some verification.
A study based on Ft. ·washakie precipitation records and snow surveys gave a similar increase of precipitation with increasing altitude as for the section Lander-Middle Fork, and a study made for the western end of the basin based on Dubois and T-Cross Ranch precipitRtion data and snow surveys indicates that the precipitation increase with altitude is nearly 12 inches per 1,000 'feet. The above graphs of precipitation variation with altitude are combined for comparison on figure 3. of the average annual water loss with altitude for the Wind River Range north slope. The graph is not applicable for the south slopes of the Owl Creek Mountains, as the losses are greater there because of the more direct expos~re to sunshine. r.he loss variation graph was determined from the precipitation obtained from the previously described precipitationaltitude graphs (using the value of precipitation corresponding to the mean drainage basin altitude} and the measured runoff at the gage. The loss-altitude graph is a composite curve, drawn through the plotted points, determined in that manner :for all the streams of' the north slope of the Wind River Range.
VARIATION OF RUNOFF WITH ALTITUDE
The previously discussed precipitationaltitude graphs are linear above 9,000 :feet; therefore, runo:f:f, the residual, varies as a straight line with altitude above that elevation. This relationship is true if the assumptions outlined in the previous discussion of' the variation of precipitation with altitude are true. In this study the runoff has been considered to vary directly and linearly with altitude above elevations of' 8,500 feet. On this basis topography determines the spacing of' the isograms for areas of high altitude. 
TOPOGRAPHY
A map of' the 1,000-foot contours of elevation above sea-level was prepared for this study to aid in the spacing of the isograms. Data for construction of' the contours were obtained from Geological Survey_quadrangle maps, the Riverton Project Map,~ the Casper sheet of World Aeronautical Charts, and an aerial mosiac. The contour map is only approximately accurate for the areas not covered by 6 u. s. Department of' Interior, Bureau of' Recla~ation, Riverton Irrigation Project, 1939. regular quadrangle maps, 'but it is of sufficient accuracy for this study. The contour msp of the basin is presented on plate 2.
PLOTTING OF ISOGRAMS
The isograms plotted along the slopes of the Wind River Range were spaced according to the topography with the quantitative amount determined by the precipitation-altitude and lossaltitude graphs applicable for the region. The results were checked against measured runoff on 'individual drainage areas. The slope dra1n-\age from the Owl Creek Mountains into the ·wind River Basin has not been gaged; isograms were located along this region in quantitative amount by estimate based on the runoff from South Fork Owl Creek, and the spacing was governed by topography. Isograms for the lowaltitude, arid part of·the basin were estimated on the basis of a few scattered records, by a field reconnaissance, and by the aid of topography and climatic data. The complete average annual runoff map for the Wind River Basin is shown on plate 1. Isograms of 0. 25, 0.50, 1.0, 3.0, 5.0, 10.0, 15o0, 20.0, 30.0, and 40 .0 inches have been chosen for the plot, as they give a representative spacing. The area within the 0.25 inch 1sogram has average annual runoff less than 0.25 inch, but is believed to have more than 0.10 inch average annual runoff generally.
ACCURACY OF MAP
A figure of average annual runoff computed for the drainage area above Boysen Dam by planimeter1ng the areas bounded by the !sograms on plate 1 agrees very well with the long-te~ average runoff measured at the Thermopolis gage after suitable irrigation diversion corrections are made. The runoff map is considered to be of good accuracy in expressing the average annual runoff from the mountains bordering the basin and of fair accuracy in the arid part ·Of the basin.
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